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PROCESS FOR THE REGENERATION OF A CATALYST PLANT 
AND APPARATUS FOR PERFORMING THE PROCESS 

[0001] This application is related to and claims priority under 35 U.S.C. § 119 to German 
Patent Application No. 100 49 040.9, filed October 4, 2000, the entire contents of which 
are incorporated by reference herein. In addition, this application is a divisional of U.S. 
Patent Application Serial No. 09/969,769 filed on October 4, 2001, the entire contents of 
which are incorporated by reference herein. 

Field of the Invention 

[0002] The invention relates to a process for the regeneration of a catalyst plant for the 
removal of S02 and NOx from the flue gas of a gas turbine, and also to an apparatus for 
carrying out the process. 

Background of the Invention 

[0003] It has been known for a long time to reduce the S02 content and the NOx content 
of the flue gases from gas turbines to environmentally acceptable values by means of 
catalyst plants which comprise respectively a so-called SCOSOx catalyst for the removal of 
S02 and, downstream of this, a SCONOx catalyst for the removal of NOx. The catalysts 
are relatively rapid in their effect, and it is likewise known to regenerate them by means of 
substantially oxygen-free regenerating gas which is passed through them to restore their 
effectiveness . 

[0004] Thus the use of a regenerating gas for the regeneration of a SCONOx catalyst is 
described in U.S. Patent 5,762,885, and the gas contains 4% of molecular hydrogen as the 
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active substance; the rest is a carrier gas, which principally consists of steam and contains 
small amounts of molecular nitrogen and carbon dioxide. If the regenerating gas is passed 
only once through the catalyst, a very high consumption results, and correspondingly high 
costs arise. In the described case, the production of the steam is costly in energy and 
correspondingly expensive, especially as demineralized water is required for its production. 
In the above reference, it is also proposed to utilize used regenerating gas as carrier gas. 
In a closed circuit of regenerating gas through a catalyst plant, which also contains a 
SCOSOx catalyst, the S02 released in its regeneration would however poison the SCONOx 
catalyst. 

Summary of the Invention 

[0005] The invention has as its object to provide a process of the category concerned, in 
which the consumption of regenerating gas is substantially reduced, without having to take 
account of the danger of a poisoning of the SCONOx catalyst by S02. In one embodiment, 
the process extracts a regenerating gas from upstream of a SCOSOx catalyst or from 
between a SCOSOx catalyst and a SCONOx catalyst, introduces the extracted regenerating 
gas between the SCOSOx catalyst and the SCONOx catalyst or upstream of the SCOSOx 
catalystj and introduces a fresh regenerating gas downstream of the SCONOx catalyst. 
[0006] In an additional embodiment, the process extracts a regenerating gas from 
downstream of a SCONOx catalyst, introduces the extracted regenerating gas between a 
SCOSOx catalyst and the SCONOx catalyst, and extracts and removes the regenerating gas 
from upstream of the SCOSOx catalyst. 
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[0007] Furthermore, suitable apparatus is provided for carrying out the process. In one 
embodiment, an apparatus for regenerating catalyst in a catalyst plant comprises a catalyst 
plant, at least one supply pipe for the introduction of regenerating gas, at least one drain 
pipe for the extraction of regenerating gas, and a further supply pipe for the supply of fresh 
regenerating gas. 

[0008] The invention provides a process of the category concerned, in which the 
regenerating gas is partially conducted in a closed circuit and hence is very well utilized, 
but transmission of the S02 arising from the SCOSOx catalyst into the SCONOx catalyst is 
reliably prevented. The consumption of regenerating gas is substantially reduced, with a 
resulting cost savings in each case, but particularly when it consists of steam to a large 
extent. 

Brief Descriptioii of the Drawing s 

[0009] Preferred embodiments of the invention are disclosed in the following description 
and illustrated in the accompanying drawings, in which: 

[0010] Fig. 1 shows schematically an apparatus according to the invention for carrying 
out the process according to the invention according to a first embodiment. 
[0011] Fig. 2 shows schematically an apparatus according to the invention for carrying 
out the process according to the invention, according to a second embodiment. 

Detailed Description of the Invention 

[0012] An apparatus according to the invention comprises (Fig. 1) a catalyst plant with a 
catalyst chamber 1 , through which a portion of the flue gas of a gas turbine operated with 
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natural gas, oil, synthesis gas or the like is conducted to a chimney, and in the latter, 
arranged in succession in the flow direction, a SCOSOx catalyst 2 for the removal of S02 
and a SCONOx catalyst 3 for the removal of NOx from the flue gas. By means of a first 
damper 4 arranged upstream and a second damper 5 arranged downstream, the SCOSOx 
catalyst 2 and the SCONOx catalyst 3 can be shut off from the flue gas stream. 
[0013] A supply pipe 7 opens via an inlet valve 6 into the catalyst chamber 1 between the 
SCOSOx catalyst 2 and the SCONOx catalyst 3, and a supply pipe 9 opens into it via a 
feed yalve 8. A steam reforming catalyst 10 is situated in the supply pipe 7 between the 
outlet of the supply pipe 9 and the feed valve 8. A drain pipe 12 leads via an outlet valve 
1 1 from the catalyst chamber 1 between the first damper 4 and the SCOSOx catalyst 2, and 
from there branches a supply pipe 13 leading to a hydrogen monitor and an oxygen 
monitor. The drain pipe 12 is connected via a pump 14 to the supply pipe 7. A drain 15 
branches off between the pump 14 and the outlet of the supply pipe 9 in the supply pipe 7. 
[0014] A further supply pipe 17 opens via a supply valve 16 between the SCONOx 
catalyst 3 and the second damper 5, and a further supply pipe 19 opens into it. A steam 
reforming catalyst 20 is situated between the outlet of the supply pipe 19 and the feed valve 
16, and a purge duct 22 opens via a purge valve 21. 

[0015] When the catalyst plant is in operation, the dampers 4, 5 are open, and the valves 
6, 1 1, 8 and 18 are closed. After about twenty minutes, the effect of the catalyst plant 
diminishes, and it has to be regenerated. For this purpose, the dampers 4, 5 are closed — 
the corresponding portion of the flue gas is meanwhile passed through other catalyst plants 
- and the outlet valve 11 and the feed valve 16 are opened. Furthermore, the purge valve 
21 is opened, and a substantially oxygen-free cleaning gas, e.g., carrier gas, as described 
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hereinafter, is supplied through the purge duct 22, driving the oxygen-containing flue gas 
out from the catalyst plant through the drain pipe 12, the pump 14, and the drain 15. The 
oxygen monitor connected via the supply pipe 13 indicates when the oxygen content has 
fallen so far that the purge process can be interrupted. 

[0016] After closing the purge valve 21, a carrier gas such as steam, for example, is 
conducted into the catalyst plant via the supply pipe 17, and has natural gas mixed with it 
from the supply pipe 19 by opening the feed valve 18. On flowing through the 
regenerating catalyst 20, a portion of the hydrocarbons contained in the natural gas is 
converted into molecular hydrogen. On flowing through the SCONOx catalyst 3 and then 
the SCOSOx catalyst 2, these are regenerated, chiefly by the action of the hydrogen. 
Furthermore, the valves 6 and 8 are opened, thus making a connection to the pump 14, so 
that regenerat-ing gas drawn off via the drain pipe 12, and replaced as required by natural 
gas from the supply pipe 9 via the valve 8, and conducted back into the catalyst chamber 1 
via the supply pipe 7. It then passes the steam reforming catalyst 10, where hydrocarbons 
are fiirther converted into molecular hydrogen. 

[0017] A flow is then maintained for as long as required, and includes a substantially 
closed circuit flow through the supply pipe 7, the SCOSOx catalyst 2 and the drain pipe 
12, maintained by the pump 14. Onto this circuit flow there is superposed a linear flow, 
which leads from the supply pipe 17, through which fresh regenerating gas flows, through 
the SCONOx catalyst 3 and the SCOSOx catalyst 2, to the drain pipe 12. The last-named 
flow prevents regenerating gas which has already flowed through the SCOSOx catalyst 2 
and therefore contains S02, from reaching the SCONOx catalyst 3 out of the supply pipe 
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7. Respectively as much regenerating gas is drawn off through the drain 15 as is fed in 
through the supply pipe 17. 

[0018] The supply of natural gas from the supply pipe 9 is regulated based on the 
measurement of the H2 content of the regenerating gas by means of the hydrogen monitor 
connected via the supply pipe 13. If the regeneration is shut off from the catalyst plant, the 
valves 6, 11, 16, and also 8, 18, are closed, and the dampers 4, 5 are opened again. 
[0019] In this embodiment of the process according to the invention, the volume flow 
through the SCOSOx catalyst 2 corresponds to the sum of the volume flow through the 
SCONOx catalyst 3 and the volume flow of the returned regenerating gas. Since in the 
interest of as great as possible a savings of regenerating gas, the portion of the first should 
be as small as possible, this embodiment is particularly suitable when the regeneration 
requirement of the SCOSOx catalyst 2 considerably exceeds that of the SCONOx catalyst 
3. 

[0020] The arrangement consisting of the drain pipe 12, the pump 14 and the supply pipe 
7 and also the parts and ducts cormected thereto can also be arranged in a mirror-image 
manner, such that the drain pipe 12 opens between the SCOSOx catalyst 2 and the 
SCONOx catalyst 3, and the supply pipe 7 upstream of the SCOSOx catalyst 2. The flow 
direction in the portion of the catalyst containing the SCOSOx catalyst 2 would then be 
reversed, and the regenerating gas introduced through the supply pipe 17 would not flow 
directly through the SCOSOx catalyst 2, without the functioning of the apparatus being 
thereby substantially impaired. 

[0021] A differing embodunent of the apparatus according to the invention is shown in 
Fig. 2. It is somewhat converted or simplified in a few additional points in contrast to the 
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embodiment of Fig. 1, but can however be modified or supplemented to correspond to this 
embodiment, and vice versa. Corresponding parts have the same reference numerals in 
both Figures. 

[0022] Here also, a catalyst plant includes a catalyst chamber 1, through which a portion 
of the flue gas of a gas turbine operated with natural gas is conducted to a chimney, and in 
the latter, arranged in succession in the flow direction, a SCOSOx catalyst 2 for removal of 
S02 and a SCONOx catalyst 3, consisting of several sections, for the removal of NOx 
from the flue gas. The SCOSOx catalyst 2 and the SCONOx catalyst 3 can again be 
excluded from the flue gas stream by means of a first damper 4 arranged upstream and a 
second damper 5 arranged downstream. 

[0023] Here also, a supply pipe 7, into which a further supply pipe 9 opens, opens into 
the catalyst chamber 1 between the SCOSOx catalyst 2 and the SCONOx catalyst 3. A 
drain pipe 12 leads out of the catalyst chamber 1 via an ouflet valve between the first 
damper 4 and the SCOSOx catalyst 2, Furthermore, a drain pipe 23 leaves between the 
SCONOx catalyst 3 and the second damper, and leads via an outlet valve 27 and a pump 14 
to the supply pipe 7, into which it opens outside the supply pipe 9. There branch off from 
the drain pipe 23, still within the ouflet valve 24, a supply pipe 13, which leads to an 
oxygen monitor and a hydrogen monitor, and also a purge duct 22 via a purge valve 21. 
[0024] For regeneration of the catalyst plant, the dampers 4, 5 are again closed, and the 
valves 6, 11 and 21 are first opened and a substantially oxygen-free carrier gas, e.g., 
steam, is introduced as cleaning gas and purges the catalyst plant, until the oxygen monitor 
connected to the supply pipe 13 establishes a sufficiently low oxygen content. The 
expelled flue gas then escapes via the drain pipe 12 and also the drain pipe 23 and the 
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purge duct 22. The purge valve 21 is then closed and the outlet valve 24 is opened. 
Further carrier gas is conducted into the catalyst plant via the supply pipe 7, molecular 
hydrogen being added through the supply pipe 9, supplementing the carrier gas to give 
regenerating gas. 

[0025] A substantially closed circuit flow is again developed from the supply pipe 7 
through the SCONOx catalyst 3 and the drain pipe 23 via the pump 14 and back to the 
supply pipe 7, and also a linear flow from the supply pipe 7 through the SCOSOx catalyst 
2 to the drain pipe 12, by means of which regenerating gas which has taken up S02 in the 
SCOSOx catalyst 2 is extracted and removed. The removed regenerating gas is replaced 
by fresh. 

[0026] Since the circuit flow is conducted through the SCONOx catalyst 3, the variant 
embodiment of the process is suitable from the standpoint of a considerable savings of 
regenerating gas, above all when the regeneration requirement of the latter is considerably 
greater than that of the SCOSOx catalyst 2, so that, e.g., between 80% and 90% of the 
total volume flow through the catalyst plant passes through the SCONOx catalyst 3 . 
[0027] Other than steam, both embodiments of the process according to the invention can 
also use as the carrier gas, molecular nitrogen, oxygen-poor flue gas of a gas burner, or 
else exhaust gas of an internal combustion engine operated with natural gas, gasoline, 
prc^ane, or the like, preferably a piston engine, the power of which is used in the same 
manner as that of the gas turbine, and thus as a rule for electric power generation. 



